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1
VARIABLE SURFACE AREA STENT

BACKGROUND OF THE INVENTION

The present invention relates to intravascular implants. In

particular, the present mvention relates to stent devices to
deliver therapeutic agents such as radioisotopes or drugs.

BACKGROUND OF THE PRIOR ART

In the last several years, minimally invasive surgical
procedures have become increasingly common. Minimally
invasive procedures such as percutaneous transluminal coro-
nary angioplasty (PTCA) are widely utilized. A PTCA

procedure involves the insertion of an angiloplasty balloon at
the distal end of a catheter to the site of a stenotic lesion.
Prior to treatment, the stenotic lesion 1s bulky and at least
partially blocking the coronary artery at issue. Once
advanced, the balloon 1s inflated compressing the stenosis
and widening the lumen in order to allow an efficient flow
of blood through the lumen.

Following PTCA and other stenotic treatment procedures,
a significant number of patients may experience restenosis
or other vascular blockage problems. These problems are
prone to arise at the site of the former stenosis.

In order to help avoid restenosis and other similar
problems, a stent may be 1implanted into the vessel at the site
of the former stenosis with a stent delivery catheter. A stent
1s a tubular structure which 1s delivered to the site of the
former stenosis or lesion and compressed against vessel
walls thereat, again with a balloon. The structure of the stent
promotes maintenance of an open vessel lumen. The stent
can be 1mplanted in conjunction with the angioplasty.

In addition to stent implantation, radiotherapy and drug
delivery treatments have been developed and applied to the
site of the former stenosis following angioplasty. Generally
such treatments can aid in the healing process and signifi-
cantly reduce the risk of restenosis and other similar prob-
lems.

In some cases, stent implantation may be combined with
drug delivery or radiotherapy. For example, a stent may be
drug loaded or radioactive. A stent with a therapeutic agent
may be delivered to the physician about the stent delivery
catheter (and with a removable shield if the stent is
radioactive).

However, delivery of a therapeutic treatment throughout
the site of the former stenosis 1s problematic. The level of
uniformity in the delivery of a therapeutic agent to the
injured area 1s dependent upon the particular stent configu-
ration. For example, 1n the case a radioactive stent, the
radioactive stent may have hot spots and cold spots of
uneven levels of radioactivity. This 1s because the stent 1s
made up of struts having radioactivity and window cells
having no physical structure or radioactivity (or drug in the
case of a drug delivery stent). Therefore, therapeutic agent
throughout a particular stent configuration 1s dependent
upon the strut and window cell distribution throughout that
stent. Therefore, therapeutic variability results.

For example, 1n the case of a radioactive stent, if about 20
Grays (Gy) of radiation, as measured from 1 mm of tissue
depth, are to be delivered to a vessel portion to be treated,
a wide range of radiation delivery will actually occur. That
1s, due to the radioactive stent configuration, a non-uniform
delivery, ranging from about 5 Gy to about 25 Gy 1s more
likely delivered to the vessel portion to be treated. Due to
limitations of the prior art a range of at least about 20 Gy will
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2

be delivered by a radioactive stent throughout the vessel
portion to be treated in the given example. As a result,
certain portions of the vessel will recelve significantly more
or significantly less radiation than intended. Such a vari-
ability in delivery could lead to underdose failing to reduce
the risk of restenosis 1n certain portions of the vessel, or
overdose potentially causing further vascular injury to other
portions of the vessel. This variability results regardless of
the therapeutic agent to be delivered.

Additionally, certain therapeutic agents are delivered to
avold a phenomenon known as “edge restenosis”. Edge
restenosis 1s prone to occur near stent ends.

Even though a stent 1s structurally configured to maintain
the patency of a vessel lumen, edge restenosis 1s prone to
occur with the use of radioactive stents. Edge restenosis
involves the formation of vascular overgrowths in vascular
arcas immediately adjacent radioactive stent ends, generally
within about 2 mm of each radioactive stent end. Edge
restenosis 1s a result of delivery of a sub-threshold level of
radiation to the vascular areas immediately adjacent the
radioactive stent ends. These vascular areas are near or
within the site of the former stenosis. They include vascu-
lature likely to be diseased, or subjected to a recent trauma
such as angioplasty. When a sub-threshold level of radiation,
between about 2 Grays and about 10 Grays, as measured at
1 mm of tissue depth, reaches such vulnerable vascular
arcas, stenotic overgrowths may actually be stimulated.
These overgrowths result 1n narrowed vessel portions near
stent ends giving an appearance of a candy wrapper crimped
around the ends of the stent. Thus, this effect 1s often referred
to as the “candy wrapper” eif

cCl.

The occurrence of the candy wrapper effect 1s likely when
a radioactive stent 1s used. This 1s because the intensity of
radiation decreases as the source of the radiation, the radio-
active stent, terminates at its ends leading to a drop of 1n
radiation levels at vessel portions adjacent its ends. Thus, a
sub-threshold radiation delivery 1s likely to occur near the
radioactive stent ends.

™

As 1ndicated, heretofore, the level of therapeutic unifor-
mity or focus any particular stent has been able to deliver has
been dependent upon that stent’s configuration with respect
to strut and window cell distribution. However, a stent
structure (1.e. strut layout) which physically promotes main-
tenance of an open vessel lumen may be of a particular
conflguration which 1s not necessarily best suited for a more
uniform delivery of a therapeutic agent. Additionally, this
stent configuration may fail to avoid an unintended “candy
wrapper’ effect 1n which portions of the vessel adjacent the
stent become narrowed.

SUMMARY OF THE INVENTION

An embodiment of the present invention provides a stent
having a variable stent surface area per unit length. The
variable stent surface area 1s used to accommodate a thera-

peutic agent.

Another embodiment of the present invention provides for
a stent having an end and a variable stent surface area per
unit length to accommodate a therapeutic agent. A decreased
level of therapeutic agent 1n provided at the end.

An embodiment of the present invention provides for a
stent having an end and a variable stent surface area per unit
length to accommodate a therapeutic agent. An increased
level of therapeutic agent 1in provided at the end.

In an embodiment of the invention a method of vessel
treatment utilizing a stent with a variable stent surface arca
1s provided. A therapeutic agent 1s disposed on the stent
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surface area to provide a patterned distribution of the
therapeutic agent.

In another embodiment of the invention a method of stent
manufacture 1s provided where indentations are cut into a
surface of a stent. A therapeutic agent 1s disposed on the
surface of the stent.

In another embodiment of the invention a method of stent
manufacture 1s provided where struts of the stent are cut of
increased thickness to provide a variable stent surface area.
Therapeutic agent 1s disposed on the variable stent surface
area.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view of an embodiment of a stent of the
present invention.

FIG. 2 1s a pictorial view of an embodiment of a stent of
the present invention 1implanted within a vessel of a patient.

FIG. 3 1s an enlarged view of an embodiment of a strut of
the stent of FIG. 2.

FIG. 4 1s an enlarged view of an embodiment of a strut of
the stent of FIG. 2.

FIG. 5 1s a cross sectional view of an embodiment of a
strut taken along the line 5—35 of FIG. 4.

FIG. 6 1s a chart depicting an embodiment of a dose
delivery profile of the present invention.

FIG. 7 1s a representation of an embodiment of a source
proiile of the mvention.

FIG. 8 1s a chart depicting an embodiment of a dose
delivery profile of the present invention.

FIG. 9 1s a representation of an embodiment of a source
profile of the 1mvention.

DETAILED DESCRIPTION OF THE
INVENTION

The following description makes reference to numerous
specific details 1 order to provide a thorough understanding
of the present invention. However, each and every speciiic
detail need not be employed to practice the present 1nven-
tion. Additionally, well-known details, such as particular
materials or methods, have not been described 1n order to
avold obscuring the present invention.

Referring to FIG. 1 an embodiment of a stent 100 of the
present invention 1s shown. The stent 100 1s formed of struts
180, which provide physical structure, and open spaces,
referred to as window cells 190. The struts 180 are formed
from stainless steel or other materials which are generally
biocompatible. For purposes of illustration, the struts 180
shown have a cylindrical shape longitudinally. However, 1n
alternate embodiments non-cylindrical strut 180 shapes are
used. As discussed further herein the struts 180 provide a
variable surface area to the stent 100.

Referring to FIG. 2 an embodiment of a stent 200 of the
present invention 1s shown within a vessel 2 near the site of
a former stenosis 3 to maintain the patency of the vessel
lumen 7. The stent 200 of FIG. 2 1s equipped with struts 280
which have variability 1n surface area, in terms of a change
in surface area per unit length, as described further below.
For each strut 280 portion, a surface area (y) is provided
which 1s given by the equation: y=2mrlh , where r 1s a radius
(r) of the strut 280 portion, 1 is a length (1) of the strut 280
for the portion of the strut 280 being examined, and h, 1s the
roughness factor (h ) of the strut 280 portion.

Referring to FIGS. 3 and 4, strut types 220, 230 of FIG.
2 are shown enlarged. The radius (r) (or r; and r,) and a
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4

given length (1) are shown (see also FIG. § showing a radius
(r,) of a cross-section of a strut). The strut surface area (y)
includes a loading surface 340. The loading surface 340
portion of the surface area (y) is that portion of the surface
area (), generally facing outward (i.e. toward vessel 2 as
shown in FIG. 1), that accommodates therapeutic agent. As
the overall surface area (y) increases or decreases, so does
the loading surface 340. Therefore, if strut surface area (y)
varies throughout a given length (1), as it does in the
embodiment shown, then the dose amount for a given length
(1) (i.e. the dose concentration (d)) will vary throughout that
same length (1). Given the equation: y=2nrlh,, it can be seen
that 1f the variables r or h_ of the equation fluctuate 1n value,
for the same given length (1), as is the case in the shown
embodiment, then so too will the surface area (y) of the strut

type 220, 230 within the given length (1).

Referring to FIGS. 2 and 3, 1n order to vary surface area
(v) of the stent 200, certain roughened strut 220 types are
provided with a surface pattern. The roughened struts 220
are those 1n which the variable h, referred to above, has
changed in value throughout a given length (1). Or, in other
words, y'=2mrlAh . For example, where an entirely smooth
surface strut is provided (not shown), the roughness factor
(h,) is 1.0, having no effect on the surface area (y) of the
smooth surface strut. However, if the roughness factor (h,)
is greater than 1.0, the surface area (y) will correspondingly
increase as shown 1n the present embodiment. Therefore, the
dose concentration () of therapeutic agent deliverable to the
vessel 2 1s increased in corresponding portions of the strut

280 where (h,) 1s greater than 1.0.

As shown 1n FIG. 3, an embodiment of a roughened strut
220 1s provided of a given length (1). Moving from a first
portion 360 of the given length (1) to a second portion 300,
the roughness factor (h,) changes as indicated by the change
in roughness over that same length (1). That 1s, increased
roughness, as imndicated by the granular appearing texture of
the loading surface 340, is provided near first portion 360.
Alternatively, the value of the roughness factor (h,)
decreases and approaches a value of 1.0 near second portion
300 as shown by the smoother appearance of the loading
surface 340 near second portion 300. Therefore, a roughened
strut 220, as 1n the embodiment shown, provides one manner
of varying surface area (y) throughout a given length (1), and
thus provides a variation in dose concentration () through-
out that same length (1).

Referring to FIGS. 2 and 3, in order to increase the
roughness factor (h,) chemical, plasma, laser, mechanical or
alternate methods of etching are used in embodiments of the
invention. For example, in one embodiment the stent 200 1s
dry etched by sand blasting or plasma etched with argon in
order to 1ncrease roughness.

Another embodiment focuses the increased roughness
factor (h,) at particular struts 280 by a lithography technique
of coating the stent 200 with a protective polymer such as
cthylene vinyl alcohol. The stent 200 1s then selectively
treated with a solvent, such as dimethyl sulfoxide (DMSO),
dimethyl formamide (DMF), or dimethyl acetamide
(DMAC), in strut 280 areas to remove portions of the
protective polymer. For example, in one embodiment, a stent
end 250 1s dipped into the solvent to remove protective
polymer from portions of the struts 280 nearer the stent end
250. By removing the protective polymer, these portions of
the stent 200 are susceptible to increased roughening fol-
lowing application of an etching process to an exterior of the
stent. Thus, once the stent 200 1s etched, an increased
roughness factor (h,) is present at the stent end 250.
However, in an alternate embodiment increasing roughness
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interior of the stent 1 1s avoided m order to promote a tlow
of blood through the stent.

The roughened strut 220 embodiment shown 1s viewed 1n
light of its positioning 1n the stent 200. It can be seen that the
roughened strut 220 i1s found near stent end 250. The
roughened strut 220 includes a loading surface 340 which
has been roughened as discussed above. The degree of
roughening increases moving toward the first portion 360
(nearer the stent end 250) of the roughened strut 220.
Alternatively, the loading surface 340 becomes smoother
moving toward a second portion 300 (nearer the stent body
251). That 1s, 1n view of the stent 200 as a whole, additional
surface area (y), and thus, increased radioactivity upon
activation, 18 found near the stent end 250 due to the
roughened strut 220 patterning provided.

Referring to FIGS. 2 and 4, 1n order to vary surface area
(v) of the stent 200, certain struts 280 are formed as
increased thickness struts 230. The increased thickness
struts 230 are those in which the radius (r), referred to above,
has changed in value throughout a given length (1). Or, in
other words, y"=2mArlh.,.

As shown 1in FIG. 4, an embodiment of an increased
thickness strut 230 1s provided of a given length (1). Moving
from a first strut portion 450 of the given length (1) to a
second strut portion 400, we see that the radius (Ar) changes
as 1ndicated by the change in radius size from r, to r,
respectively, with r, indicating an increased radius (i.e. Ar)
from that of r,. Therefore, an increased thickness strut 230
provides an alternate manner of varying surface area (y)
throughout a given length (1), and thus allowing for a
variable dose concentration (d) throughout that same length
(1). This pattern of surface area (y) along the given length (1)
holds true even 1n non-linear strut portions 4235.

As shown with reference to positioning within the stent
200, the increased thickness strut 230 1s shown near opposite
stent end 260 of FIG. 1. As a result, increased surface area
(v) and thus, increased radioactivity upon activation, is
provided near opposite stent end 260.

In a method of manufacturing the stent 200, including
struts 280, the stent 200 1s laser cut from, for example, a
stainless steel tube. The laser cutting process 1s run accord-
ing to an automated process to form a particular stent
configuration. In order to increase or vary a radius (r) in
portions of particular struts 280, the automated process 1s
programmed to cut a strut 280 of increasing radius (r), for
example, near opposite stent end 260. In this manner, an
increased thickness strut 230 1s provided.

Referring to FIGS. 4 and 5, a cross section taken from the
line 5—5 of FIG. 4 1s shown as FIG. 5. In addition to a
oreater amount of loading surface 340 generally, the
increased thickness strut 230 of FIG. 4 includes increased
size indentations 435. As shown 1n the embodiment of FIG.
S, the increased size indentations 435 have been cut into the
loading surface 340 with a laser during manufacture to
provide additional loading surface 340 at the interior of the
increased size indentations 435 by providing additional
interior surface with the increased size indentations 4335.

Each indentation may increase surface area by about
threefold per unit area. Where the depth L i1s increased,
surface areca provided by the indentation 1s increased.
Increased size indentations may have a depth L of about one
half of the increased thickness strut 230 at the location of the
indentation. Increased size mdentations 435, have a depth L
beyond about 60—-80 microns, and are provided as thickness
increases (as shown toward the opposite strut end 400 of
FIG. 4). The increased size indentations 435 provide a
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volume as well as increased surface area (y). In the embodi-
ment shown, the 1ndentations 435 are of a truncated cone
shape. However, 1n other embodiments, other shapes are
used. For example, 1n one embodiment of the invention, the
indentations 435 are of a dimpled shape

Referring to all of FIGS. 2-5, the surface arca (y) dis-
cussed 1n relation to the above embodiments is increased by
the use of particular increased size indentations 435, an
increased thickness strut 230, and a roughened strut 220.
However, all of these features, alone and 1in any
combination, are used 1n other embodiments to increase
surface area (y) in particular stent 200 portions and provide
particularly configured and focused loading surfaces 340 for
accommodating therapeutic agents. Once a particular stent
200 configuration of increased surface area () is chosen and

provided, 1t 1s activated with therapeutic agent, accommo-
dated at the loading surface 340.

In an embodiment of the invention, where the therapeutic
agent to be provided includes radioactive 1sotopes, plasma
ion 1implantation of the 1sotopes 1nto the loading surface 340
1s used for activation. Embodiments of the invention employ
Plasma and Ion Beam Assisted Deposition for loading.
Plasma 1on implantation results 1n radioactive ions being
implanted below the loading surface 340 of the stent 200. By
implanting 10ons below the loading surface 340, a radioactive
layer 1s formed which 1s shielded from a biological envi-
ronment when the stent 200 1s later inserted into a patient.
Plasma 1on implantation 1nvolves loading the stent 200 into
an 1solation chamber where a plasma of radioactive 1ons 1s
generated. The plasma 1s provided by providing a liquid or
gas which includes a stable precursor to the 1on type to be
used. Radio Frequency (RF) or microwave power are
coupled to the 1solation chamber to transform the mixture
into a plasma state within the chamber. Negative voltage
energy pulses are then applied to the treatment stent 1 to
cause 1mplantation of ions below the loading surface 40. In
various embodiments, ions such as Phosphorous (p~~), Rhe-
nium (Re'®®), Yttrium (YY), Palladium (Pd'®®), Iodine
(I,,.), and Ruthenium (Ru'"®) are loaded above and below
the loading surface 340 1n this manner.

In other embodiments, where the therapeutic agent to be
provided includes bioactive drugs, alternate methods of
loading onto the loading surface 340 are used. For example,
a dip coating, spray, or centrifugation process 1s used. The
dip coating process involves submerging the stent 200 1n a
solvent having an anti-coagulant or other drug solution.
Heparin or heparin coating substances such as Duraflo®,
available from Baxter International, Inc., are used as part of
the drug solution.

The stent 200 1s then placed into a centrifugation chamber
and spun to direct the first solution to particular portions of
the stent 200. The stent 200 1s then dried and submerged 1n
a second drug solution. This second drug solution also
contains radioactive 1ons as additional therapeutic agent.

Mechanical rinsing of the stent 200 1s used to remove any
excess of the drug solution. Centrifugation of the stent 200
1s then repeated to remove excess drug solution.

In one embodiment, where a volume 1s provided by
increased size mdentations 435, drug solution i1s deposited
therein as a result of such methods of loading described
above. In other embodiments, such methods of loading are
repeated to add bioactive elutable drugs or even a separate
anti-coagulant barrier to encase drug solution on the loading,
surface 340. The barrier 1s added by dipping, centrifugation
and plasma deposition as indicated, or alternately by spray-
ing or plasma polymerization.
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The variability in surface area provided by any combina-
tion of the above referenced features accommodating a
therapeutic agent allows delivery of therapeutic agent 1n a
manner not limited solely to strut 280 and window cell 290
distribution. As a result, stent 200 embodiments are provided

which increase therapeutic agent focus 1n particular areas of
the stent 200.

In an embodiment of the invention, increased surface area
1s provided 1n areas of the stent 200 known to deliver an
under-dose of therapeutic agent. Alternatively in another
embodiment, less surface area 1s present 1n areas known to
deliver an overdose of therapeutic agent. These surface arca
conflgurations are used to help avoid urregularities or sig-
nificant variation in delivery of therapeutic agent.

Additionally, 1n an embodiment of the invention,
increased surface area struts 280 are developed to focus an
increased amount of therapeutic agent near stent ends 250,
260. This embodiment helps avoid delivery of sub-threshold
levels of radiation to portions of a vessel immediately
adjacent stent ends 2350, 260 (i.c. to avoid delivery of
between about 2 and about 10 Grays, as measured at 1 mm
of tissue depth to the vessel 2 in this area). Likewise, another
similar embodiment helps provide other therapeutic agents
to help combat edge restenosis 1n this manner. Alternatively,
variability 1n surface area can be used to minimize delivery
of a radioactive therapeutic agent near stent ends 250, 260
in order to avoid sub-threshold radiation delivery and edge
restenosis.

FIGS. 6—9 show the results of making use of particular
variable surface area stent embodiments having unique
focuses of therapeutic agent distribution. The results are
shown with respect to dose delivery and source profiles.

For example, FIG. 6 depicts a chart indicating the distri-
bution of therapeutic agent, in the form of radioisotopes,
with respect to dose delivery for an embodiment of the
invention. The x-axis, labeled “Vessel Length”, includes the
stent length 601 along with the treatment portion 620 of a
vessel. The y-axis, labeled “Dose Delivery (Gy)”, indicates
the amount of radiation absorbed in Grays (Gy) throughout
a vessel 2 such as that of FIG. 1 (as measured from 1 mm
of vessel depth).

Similarly, FIG. 7 represents a source profile of a stent 700
according to the therapeutic distribution indicated in the
embodiment of FIG. 6. The profile includes an extension of
radioactivity 730 significantly beyond stent ends 750, 760
(i.c. hot ends) to help avoid edge restenosis. Also, a uniform
field of radioactivity 755 throughout the stent body 751 is
provided.

With reference to the embodiments represented in FIGS.
6 and 7, an 1ncreased amount of therapeutic agent 1s pro-
vided near stent ends 750, 760 due to the increased loading
surface provided thereat. Therefore, where the therapeutic
agent 1s radiation, as with the embodiments of FIGS. 6 and
7, delivery of a sub-threshold level of radiation 1s avoided at
vessel portions immediately adjacent the stent 700 (i.c.
within about 2 mm of the stent longitudinally).

Additionally, the stent 700 1s configured with increased
loading surface directed toward portions of the stent 700
previously responsible for a more uneven distribution of
therapeutic agent. In the case of radiation delivery, a more
uniform field of radioactivity 735 provides a more consistent
delivery of therapeutic agent (i.e. radiation) throughout the

stent body 751 of the stent 700.

A prior art distribution of radiation 51 1s un-even. That 1s,
the uniform surface arca of a prior art stent may deliver a
highly variable dose within a stent length 601. For example,
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the variable dose can include a maximum dose 91 that 1s 20
Gy greater than a minimum dose 92 while delivering only an
average dose of 20 Gy (with all measurements taken at 1 mm
of tissue depth). Alternatively, a more level delivery of
radioactivity 650 1s provided 1n embodiments of the 1nven-
tion. Embodiments of the mvention can also include peak
deliveries of radioactivity 630 to ensure avoidance of sub-
threshold delivery 21 1n vessel areas of concern, within
about 2 mm of the stent longitudinally.

Referring to FIGS. 8 and 9, and continuing with the
example of a radioactive therapeutic agent, a decreased
amount of radioactivity (i.e. an early termination of radio-
activity 930) 1s provided near stent ends 1n another embodi-
ment of the invention. This 1s due to the decreased loading
surface provided at the stent ends 950, 960 as compared to
the remainder of the stent 900. Delivery of a sub-threshold
level of radiation 1s nevertheless minimized or avoided at
portions of a vessel immediately adjacent the stent 900 (i.c.
within about 2 mm of the stent ends 950, 960). That is, any
radiation delivered here 1s below a sub-threshold level to
help avoid edge restenosis.

Additionally, as with FIG. 6, the stent 900 represented by
FIG. 9 has been configured to have increased surface area
directed toward portions of a stent 900 that would otherwise
be responsible for an uneven distribution of therapeutic
agent. A more uniform field of radioactivity 955 provides a
more consistent delivery of therapeutic agent (i.e. radiation)
throughout a stent body of the stent 900 as seen above the
x-axis throughout stent length 860.

Again, by way of comparison, a prior art distribution of
radiation 51 1s uneven and a sub-threshold level of radiation
21 1s delivered by a prior art stent to vessel areas within 2
mm of the stent. Alternatively, a more level delivery of
radioactivity 850 1s provided in embodiments of the inven-
tion. Embodiments of the invention can also include tapered
deliveries of radioactivity 830 to ensure avoidance of sub-
threshold delivery 21 1n vessel areas of concern.

Embodiments of the invention described above include a
therapeutic stent which 1s able to provide an overall pattern
of therapeutic agent, where the pattern 1s not determined
solely by strut and window cell distribution throughout the
stent. Embodiments of the invention also include patterns of
therapeutic agent which help avoid edge restenosis while
also helping to avoid delivery of a non-uniform level of
therapeutic agent throughout the portion of a vessel to be
treated. While such exemplary embodiments have been
shown and described 1n the form of particular stents having
variable surface area, many changes, modifications, and
substitutions may be made without departing from the spirit
and scope of this invention.

We claim:
1. A drug eluting stent, comprising:

a body having a first end and a second end and a middle
segment between said first and second ends;

a variable stent surface areca per unit length of said body,
wherein said first and second ends have a lesser surface

areca than said middle segment; and

a drug deposited on said stent so that said first and second
ends have a lesser amount of said drug than said middle
segment.

2. The stent of claam 1, wherein said body comprises
struts having a roughened portion with a roughness factor
above 1 to provide said variable stent surface area.

3. The stent of claim 2, wherein said roughened portion 1s
provided by a method of etching a portion of said struts.
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4. The stent of claim 2, wherein said struts comprise:

a loading surface at an exterior portion of said stent to
accommodate said drug; and

an interior portion of said stent void of said roughened

portion.

5. The stent of claim 1, wheremn said body comprises
struts having a thickened portion to provide said variable
stent surface area.

6. The stent of claim 5, wherein said thickened portion 1s
provided by an increased radius portion.

7. The stent of claim 5, wherein said thickened portion 1s
provided by cutting a stent pattern from a tube, said stent
pattern indicating said thickened portion.

8. The stent of claim 7, wherein said cutting 1s performed
by an automated laser method.

9. The stent of claam 1, wherein said body comprises
increased size 1ndentations having a depth beyond about 80
micrometers to provide said variable stent surface area.

10. The stent of claim 1, wherein said drug 1s deposited 1n
a polymeric coating.

11. The stent of claim 1, wherein said drug 1s an anti-
coagulant.

12. The stent of claim 1, wherem said drug 1s encased 1n
an anti-coagulant barrier.

13. A drug eluting stent, comprising:

a body having a first end and a second end and a middle
segment between said first and second ends;

a variable stent surface area per unit length of said body,
wherein said first and second ends have a greater
surface area than said middle segment; and

a drug deposited on said stent so that said first and second
ends have a greater amount of said drug than said
middle segment.

14. The stent of claim 13, wherein said body comprises
struts having a roughened portion with a roughness factor
above 1 to provide said variable stent surface area.

15. The stent of claim 14, wherein said roughened portion
1s provided by a method of etching a portion of said struts.

16. The stent of claim 13, wherein said struts comprise:

a loading surface at an exterior portion of said stent to
accommodate said drug; and

an interior portion of said stent void of said roughened
portion.

10

15

20

25

30

35

40

10

17. The stent of claim 13, wherein said body comprises
struts having a thickened portion to provide said variable
stent surface area.

18. The stent of claim 17, wherein said thickened portion
1s provided by an increased radius portion.

19. The stent of claim 17, wherein said thickened portion
1s provided by cutting a stent pattern from a tube, said stent
pattern indicating said thickened portion.

20. The stent of claim 19, wherein said cutting 1s per-
formed by an automated laser method.

21. The stent of claim 13, wherein said body comprises
increased size indentations having a depth beyond about 80
micrometers to provide said variable stent surface area.

22. The stent of claim 13, wherein said drug 1s deposited
in a polymeric coating.

23. The stent of claim 13, wherein said drug i1s an
anti-coagulant.

24. The stent of claim 13, wherein said drug 1s encased 1n
an anti-coagulant barrier.

25. A drug eluting stent, comprising:

a stent body having a first end, an opposing second end,
and a middle segment positioned between said first and
second ends; and

a drug disposed on said stent, wherein the concentration
or amount of said drug 1s higher at said first or second
end as compared to said middle segment of said body
positioned between said first and second ends.

26. The stent of claim 2S5, wherein said stent 1s used to

deliver said drug for the treatment of edge-restenosis.

27. The stent of claim 25, wherein said drug 1s released
from a polymer.

28. The stent of claim 25, wherein the concentration or
amount of drug 1s higher at both said first and second ends
as compared to said middle segment.

29. The stent of claim 25, wherein said body 1s made from
a plurality of interconnected struts such that the surface area
of at least some of the individual struts forming said first or
second end 1s greater than the surface area of said struts
forming said middle segment of said body so that a higher
concentration or amount of said drug can be carried by said
having a greater surface area.
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